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Objective. SB5 is a biosimilar agent for adalimumab (ADA). The aim of this study was to evaluate the efficacy, pharmacokinetics (PK), safety, and immunogenicity of SB5 in comparison with reference ADA in patients with rheumatoid arthritis (RA).
Methods. In this phase III, randomized, doubleblind, parallel-group study, patients with moderately to severely active RA despite treatment with methotrexate were randomized 1:1 to receive SB5 or reference ADA at a dosage of 40 mg subcutaneously every other week. The primary efficacy end point was the response rate based on the American College of Rheumatology 20% improvement criteria (ACR20) at week 24 in the per-protocol set (completer analysis). Additional end points included efficacy, PK, safety, and immunogenicity assessments.
Results. Of the 544 patients randomized to receive a study drug, the full analysis set comprised 542 patients (269 in the SB5 group, 273 in the reference ADA group) and the per-protocol set comprised 476 patients (239 receiving SB5, 237 receiving reference ADA). The ACR20 response rate at week 24 in the per-protocol set was equivalent between those receiving SB5 and those receiving reference ADA (72.4% and 72.2%, respectively); the difference in the ACR20 response rate (0.1%, [95% confidence interval À7.83%, 8.13%]) was within the predefined equivalence margin (AE15%). Similar results were seen in the full analysis set (missing data being considered a nonresponse). The SB5 and reference ADA treatment groups were comparable across other end points, including the ACR 50% and ACR 70% improvement response rates, Disease Activity Score in 28 joints based on the erythrocyte sedimentation rate, PK data, incidence of treatment-emergent adverse events, and the antidrug antibody response. Subgroup analyses showed that the efficacy and safety of SB5 and reference ADA were comparable regardless of antidrug antibody status.
Conclusion. The ACR20 response rate at week 24 was equivalent between patients treated with the biosimilar agent SB5 and those treated with reference ADA. SB5 and reference ADA were both well tolerated, with comparable safety profiles, in patients with RA.
Several biologic disease-modifying antirheumatic drugs (DMARDs) targeted against tumor necrosis factor (TNF), such as adalimumab (ADA), certolizumab pegol, etanercept, golimumab, and infliximab (1) , have been developed and approved for use worldwide in patients with rheumatoid arthritis (RA) and have yielded very positive clinical outcomes. The use of TNF inhibitors in combination therapy for the treatment of RA is recommended by the European League Against Rheumatism (EULAR) and the American College of Rheumatology (ACR) (1, 2) .
Although biologic DMARDs, such as TNF inhibitors, have been used successfully for the treatment of RA, they are frequently associated with relatively high costs and substantial financial burden to patients and health care payers (3) . The introduction of biosimilars offers the potential to reduce costs associated with biologic treatment and increase patient access to such therapies (3, 4) , which should improve the sustainability of health care in RA.
SB5 (brand name Imraldi; Samsung Bioepis) has been approved by the European Commission as a biosimilar agent for ADA (Humira; AbbVie) (hereafter referred to as reference ADA) (5) for the treatment of RA, juvenile idiopathic arthritis, axial spondyloarthritis, psoriatic arthritis, psoriasis, pediatric plaque psoriasis, adult and adolescent hidradenitis suppurativa, Crohn's disease, pediatric Crohn's disease, ulcerative colitis, and uveitis. SB5 and the reference ADA have an identical amino acid sequence and similar physicochemical and in vitro functional properties (6) . A phase I study of the pharmacokinetics (PK) of SB5 in 189 healthy individuals showed that the PK profile of the biosimilar product was equivalent to that of the reference ADA. Moreover, SB5 was well tolerated in the phase I study, with a safety profile similar to that of the reference ADA (6) .
The objective of the current study was to analyze the efficacy, PK, safety, and immunogenicity of SB5 in comparison with reference ADA following 24 weeks of therapy in patients with RA whose disease remained moderately to severely active despite treatment with methotrexate (MTX).
PATIENTS AND METHODS
Patients. Patients ages 18-75 years who had been diagnosed as having RA according to the ACR 1987 revised classification criteria (7) , who had a disease duration of at least 6 months up to 15 years, and who had been treated with MTX for ≥6 months and had been receiving a stable dosage of MTX (10-25 mg/week) for ≥4 weeks before screening were eligible for the study. Additional requirements included the presence of active disease, defined as ≥6 swollen joints and ≥6 tender joints (from 66 and 68 joints evaluated, respectively) and either an erythrocyte sedimentation rate (ESR) of ≥28 mm/hour or serum Creactive protein (CRP) level of ≥1.0 mg/dl. Patients who were treated with biologic agents previously, had any known hypersensitivity to human immunoglobulin proteins or SB5 components, had an active or latent tuberculosis infection at the time of screening, had a serious infection, or had been treated with intravenous antibiotics within 8 weeks before randomization were excluded from the study. Additional eligibility criteria and exclusion criteria are listed in Supplementary Study design. This phase III multicenter, randomized, double-blind, parallel-group study was conducted in 51 sites in 7 countries (Bosnia and Herzegovina, Bulgaria, Czech Republic, Lithuania, Poland, Republic of Korea, and Ukraine) to evaluate the efficacy, PK, safety, and immunogenicity of SB5 in comparison with reference ADA in patients with moderately or severely active RA. This was a 52-week study with a design that includes a single transition from the reference ADA to SB5 at week 24. Patients were initially randomized 1:1 to receive SB5 or reference ADA (40 mg subcutaneously every other week) (see Supplementary Figure 1 for details on the study design, available on the Arthritis & Rheumatology web site at http:// onlinelibrary.wiley.com/doi/10.1002/art.40336/abstract). At week 24, patients receiving reference ADA were randomized again in a 1:1 ratio to continue treatment with the reference ADA or to switch to the biosimilar agent SB5 up to week 52; patients receiving SB5 continued with SB5 for the 52 weeks of the study. Results up to 24 weeks are presented herein.
An interactive web response system (IWRS) was used to register patients, all of whom were assigned a unique patient number at the time of screening, and randomization was performed using a computer-generated randomization scheme. Patients were randomized at the level of the study center, and patient codes generated by the IWRS were used for study drug allocation. Study drugs were prepackaged and labeled in a double-blind manner, with identical appearance, packaging, and labeling.
As prespecified in the protocol, for the 24-week interim report, the biostatistician, medical monitor, medical writer, pharmacologist, and safety monitoring personnel (all employees of Samsung Bioepis) were unblinded so that they could perform a formal analysis of the primary efficacy data; patients, investigators, joint assessors, and other study personnel remained blinded throughout the study. The overall randomization code was broken only for reporting purposes for this interim analysis, once all appropriate clinical data had been entered into the database, all data queries had been resolved, and the assignment of patients to the analysis sets had been completed.
The study was conducted in accordance with the Declaration of Helsinki and International Conference on Harmonisation Guidelines for Good Clinical Practice. The study protocols were reviewed and approved by an independent ethics committee or institutional review board for each study center. Written informed consent was obtained from all patients before study entry.
Study end points. The primary end point of the study was the response rate at week 24 based on the ACR 20% improvement response criteria (ACR20) (8) . Secondary end points at week 24 included the ACR 50% and ACR 70% improvement response rates, Disease Activity Score in 28 joints based on the ESR (DAS28-ESR) (9), and EULAR response (good, moderate, or no response) (10) . In addition, post hoc analyses were performed to determine the Clinical Disease Activity Index (CDAI) (11), Simplified Disease Activity Index (SDAI) (12) , remission rates based on a DAS28-ESR of <2.6, a SDAI score of ≤3.3, or a CDAI score of ≤2.8, and the proportion of patients with low disease activity based on a DAS28-ESR of ≤3.2, a SDAI score of 3.3-11.0, or a CDAI score of 2.8-10.0. PK assessments, including determination of the serum trough concentration (C trough ) up to 24 weeks, were performed in a subset of patients using blood samples collected from the PK population at multiple time points (0, 4, 8, 12, 16, and 24 weeks). The serum concentrations of the reference ADA or the biosimilar ADA were measured in a central laboratory (Covance Laboratories, North Yorkshire, UK) using an enzyme-linked immunosorbent assay specific for ADA.
Safety assessments included monitoring for vital sign abnormalities, clinical laboratory abnormalities, adverse events (AEs; graded as mild, moderate, or severe), serious AEs, and treatment-emergent AEs (TEAEs).
Immunogenicity assessments included monitoring for the development of antidrug antibodies and neutralizing antibodies. Immunogenicity was analyzed as either an "emergent" response (≥1 positive antidrug antibody result up to week 24 among patients negative for antidrug antibodies at baseline) or a "boosted" response (antidrug antibodies with increased titers at any time compared with baseline). Antidrug antibodies were detected using Meso Scale Discovery electrochemiluminescence bridging, in which an SB5 single-tagged immunoassay was utilized. Antidrug antibody levels were measured at 0, 4, 8, 16, and 24 weeks.
Subgroup analyses of the 2 treatment groups were performed to further examine the ACR responses (ACR20, ACR50, and ACR70) and PK profiles by antidrug antibody status. In addition, the ACR20 response and TEAEs were summarized by age group (<65 years versus ≥65 years).
Statistical analysis. The equivalence margin in the current study was determined on the basis of findings in previous studies of ADA (13, 14) and regulatory guidelines (15, 16) . A meta-analysis of 2 previous studies (13,14) estimated a risk difference of 0.424 (95% confidence interval [95% CI] 0.239, 0.609) with a random-effects model, and a risk difference of 0.383 (95% CI 0.306, 0.461) with a fixed-effects model, using the Mantel-Haenszel weight. To preserve 50% of the effect of ADA over placebo, one-half of the lower limit of the 95% CI for the treatment difference between ADA and placebo was calculated to be 0.12 (0.5 9 0.239) from a random-effects model, and 0.15 (0.5 9 0.306) from a fixed-effects model. A sample size of ≥245 patients per treatment group was required to achieve a significance level of 5% and a power of 80% for the primary analysis. Sample size was determined based on an equivalence margin of AE15%, an expected response rate of 63%, and a 12% dropout rate. The primary end point was analyzed for the difference between treatment groups, with 95% CIs, using the nonparametric covariance method, with geographic region used as stratification factor and baseline CRP level used as a covariate.
The efficacy outcomes of the ACR20, ACR50, and ACR70 response rates were analyzed in the full analysis set (FAS) and in the per-protocol set (PPS). The PPS was the primary analysis set and included patients who completed the week 24 visit, had adherence in the range of 80-120% of the expected number of study drug and MTX doses, and were without any major protocol deviations that could affect the efficacy assessment. The FAS comprised all randomized patients (intent-to-treat principle); patients who were inadvertently randomized were excluded from this analysis, provided that they did not receive study drug. Supportive analysis was performed using an exponential time-response model (17) with a prespecified equivalence margin to compare the ACR20 response between those receiving SB5 and those receiving reference ADA over the time course of the study.
Demographic and baseline characteristics were compared between the SB5 and reference ADA treatment groups using the chi-square test for categorical variables or analysis of variance for continuous variables. Change in the DAS28-ESR score from baseline to week 24 was deemed equivalent in the 2 treatment groups if the 2-sided 95% CI of the treatment difference was contained within the equivalence margin of AE0.6. Descriptive statistics were used for the PK, safety, and immunogenicity analyses. Statistical analyses were performed using SAS version 9.2 or higher (SAS Institute).
RESULTS
Patient characteristics and duration of exposure.
The study was initiated on May 12, 2014, and the last patient visit for the 24-week report was on May 8, 2015. The 24-week results are presented herein. The mean duration of exposure at the 24-week cutoff date was comparable between the SB5 and reference ADA groups (150.7 days versus 148.7 days). Of the 747 patients who were screened, 544 were randomized to receive either SB5 (n = 271) or reference ADA treatment (n = 273). Patient demographics and baseline disease characteristics were comparable between the SB5 and reference ADA groups (Table 1) with the exception of age, for which 
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WEINBLATT ET AL there was a statistically significant difference between the 2 groups (mean age 49.8 years in the SB5 group versus 52.5 years in the reference ADA group; P = 0.01). Differences in patient characteristics between the age group categories (<65 years versus ≥65 years), however, were not significant (P = 0.166). A total of 254 patients (93.7%) in the SB5 group and 254 patients (93.0%) in the reference ADA group completed 24 weeks of the study. The disposition of patients in each treatment group is depicted in Figure 1 . The FAS population included 542 patients: 269 in the SB5 group (2 patients excluded on the basis of the definition of FAS) and 273 in the reference ADA group. The PPS population comprised 476 patients: 239 in the SB5 group and 237 in the reference ADA group. Efficacy assessments. The primary efficacy end point (the ACR20 response rate at week 24 in the PPS) was 72.4% (173 of 239 patients) in the SB5 group and 72.2% (171 of 237 patients) in the reference ADA group (Figure 2A) . Similar responses were observed in the FAS population, with an ACR20 response rate of 68.0% (183 of 269 patients) in the SB5 group and 67.4% (184 of 273 patients) in the reference ADA group. The adjusted difference in the ACR20 response rate between the SB5 group and reference ADA group was 0.1% (95% CI À7.83%, 8.13%) in the PPS, and 0.8% (95% CI À7.03%, 8.56%) in the FAS, both of which were within the predefined equivalence margin (À15% to 15%). The secondary end points of the ACR50 and ACR70 response rates at week 24 in the PPS and FAS were also equivalent between the SB5 and reference ADA groups (Figures 2B and C) .
The time-response curves for the ACR20 response were equivalent between the SB5 and reference ADA groups and support the robustness of the primary analysis ( Figure 3) . The between-group difference in the ACR20 time-response was 8.07 (95% CI À11.884, 28.022); the upper limit of the CI was lower than the prespecified equivalence margin of 64.31.
The mean change from baseline to week 24 in the DAS28-ESR was comparable between the SB5 and . Patients receiving the biosimilar agent SB5 and those receiving the adalimumab (ADA) reference product were assessed for response rates and adjusted differences in response rates (with 95% confidence intervals [95% CIs]) according to the ACR criteria for 20% improvement (ACR20) (A), 50% improvement (B), and 70% improvement (C). Values shown are the percentage (no./total no.) of patients. reference ADA groups (À2.74 versus À2.68) (results in Supplementary Table 2 , available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/ doi/10.1002/art.40336/abstract). The least squares mean for the treatment difference (SB5 versus reference ADA) in the DAS28-ESR at week 24 was À0.04 (95% CI À0.26, 0.17), which was contained within the predefined equivalence margin (À0.6 to 0.6).
At week 24, a comparable proportion of patients in the SB5 and reference ADA groups had a good EULAR response (34.1% versus 34.6%) or moderate EULAR response (59.2% versus 58.8%). The mean change in disease activity scores from baseline to week 24 was comparable between the SB5 and reference ADA groups, both for the SDAI (À25.98 versus À25.00) and the CDAI (À25.39 versus À24.33) (see Supplementary Table 2 , http://online library.wiley.com/doi/10.1002/art.40336/abstract). Rates of remission and proportions of patients with low disease activity were also comparable between the SB5 and reference ADA groups, regardless of whether these rates were based on the DAS28-ESR, the SDAI, or the CDAI (see Supplementary Table 2 , http://onlinelibrary.wiley.com/doi/ 10.1002/art.40336/abstract).
Subgroup analyses based on the antidrug antibody status showed that the ACR responses were comparable between the SB5 and reference ADA subgroups of antidrug antibody-positive patients and antidrug antibody-negative patients (results in Supplementary  Figures 2A-D , available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/doi/10.1002/art. 40336/abstract). ACR improvement responses at week 24 were lower in antidrug antibody-positive patients treated with SB5 compared with antidrug antibody-negative patients treated with SB5, whereas there was a weaker correlation between the presence of antidrug antibodies and clinical efficacy in the reference ADA group. The ACR20 response rate at week 24 was comparable within each of the treatment groups when analyzed by age group category (<65 years versus ≥65 years), being 72.9% (156 of 214 patients) and 68.0% (17 of 25 patients), respectively, in the SB5 group and 72.3% (146 of 202 patients) and 71.4% (25 of 35 patients) in the reference ADA group.
Pharmacokinetic results. Analyses of the PK profiles in 356 patients (178 patients in each treatment group) showed that the mean C trough values up to week 24 were comparable between the SB5 and reference ADA treatment groups ( Figure 4A ). Subgroup analyses based on the antidrug antibody status showed lower C trough levels in the antidrug antibody-positive subgroups compared with the antidrug antibody-negative subgroups, regardless of treatment group assignment ( Figure 4B) .
Safety results. The TEAEs reported in the study were as expected for the population and drug class, and the majority were mild to moderate in severity. Overall, 35.8% of patients in the SB5 group and 40.7% in the reference ADA group experienced TEAEs up to week 24 ( Table 2 ). The most common TEAEs were nasopharyngitis, headache, bronchitis, and an increase in alanine aminotransferase level. TEAEs considered related to the study drug were reported in 10.1% of SB5-treated patients and 11.7% of reference ADA-treated patients. Serious TEAEs were reported in 3 patients (1.1%) in the SB5 group and 8 patients (2.9%) in the reference ADA group. None of the patients developed active tuberculosis. Other serious infections were reported in 1 patient (0.4%) in the SB5 group (Escherichia urinary tract infection) and 2 patients (0.7%) in the reference ADA group (bronchopneumonia and staphylococcal sepsis). The proportion of patients reporting injection site reactions was comparable between the SB5 and reference ADA groups (3.0% versus 2.9%). Up to week 24, the proportion of patients experiencing TEAEs leading to treatment discontinuation was lower in the SB5 group than in the reference ADA group (0.7% versus 3.7%). Two patients in the reference ADA group experienced malignancy (lymphoma and metastases to the spine in 1 patient, papillary thyroid cancer in 1 patient). There were 2 deaths that occurred up to week 24 (attributable to cardiac arrest and pulmonary embolism); both were reported to occur in patients in the reference ADA group and were not considered to be related to the study drug.
TEAEs were reported by 36.0% of patients ages <65 years and 34.5% of patients ages ≥65 years in the SB5 group, and by 40.3% of patients ages <65 years and 42.5% of patients ages ≥65 years in the reference ADA group. Similarly, the proportion of patients who experienced any serious TEAEs, as well as the most commonly reported TEAEs, were comparable within each treatment group between patients ages <65 years and those ages ≥65 years. All 3 serious infections occurred in patients who were <65 years of age.
Immunogenicity. The incidence of antidrug antibodies up to week 24 was comparable between the SB5 and reference ADA groups (33.1% versus 32.0%). At the same time point, emergent antidrug antibodies were reported in 32.4% of patients (80 of 247) in the SB5 group and 31.4% of patients (82 of 261) in the reference ADA group, and boosted antidrug antibody titers were found in 42.1% of patients (8 of 19) in the SB5 group and 50% of patients (4 of 8) in the reference ADA group. Approximately one-half of the antidrug antibodies were found to be neutralizing in both treatment groups. The percentage of patients who were negative for neutralizing antibodies at baseline but who had ≥1 neutralizing antibody-positive result up to week 24 was comparable between the SB5 and reference ADA groups (13.6% versus 14.6%).
DISCUSSION
These results demonstrate equivalent efficacy between the biosimilar agent SB5 and the reference ADA with regard to the primary end point (ACR20 response rate) and other efficacy end points. The ACR20 response rate observed in this study is similar to that demonstrated in other historical studies of ADA (13, 14, 18, 19) and similar to the findings reported for other ADA biosimilars in development (20, 21) . The ACR20 time-response model showed equivalent efficacy over multiple time points assessed during the study. In addition, secondary end points such as the ACR50 and ACR70 response rates, the DAS28-ESR, and the EULAR responses were comparable between the SB5 and reference ADA groups.
The safety profile of SB5 was also comparable to that of reference ADA, with similar incidence rates of TEAEs, serious TEAEs, serious infections, and injection site reactions. Fewer patients in the SB5 group (2 patients † Defined as the high-level group term of administration site reaction. ‡ Lymphoma and metastases to the spine related to the study drug were reported in 1 patient, and papillary thyroid cancer not related to the study drug was reported in 1 patient. § The reported deaths were attributable to cardiac arrest in 1 patient and pulmonary embolism in 1 patient; neither was considered to be related to the study drug.
[0.7%]) than in the reference ADA group (10 patients [3.7%]) experienced TEAEs leading to treatment discontinuation. Most of these TEAEs were considered to be related to the study drug. Comparable immunogenicity with regard to the incidence of antidrug antibodies (treatment-boosted and treatment-emergent antidrug antibodies), as defined by the American Association of Pharmaceutical Scientist guidelines (22) , was also demonstrated. It is known that the formation of antibodies to ADA is associated with increased clearance and reduced efficacy of ADA (5, 23) . ACR responses at week 24 in the SB5 group were lower in antidrug antibody-positive patients compared with antidrug antibody-negative patients, but there was a weaker correlation between the presence of antidrug antibodies and clinical efficacy in the reference ADA treatment group, owing to the small number of antidrug antibody-positive patients and a fluctuation in the ACR responses.
The analyses of PK, which are generally considered to be more sensitive than clinical efficacy end points (24) , showed a clear trend toward lower C trough levels in antidrug antibody-positive patients than in antidrug antibody-negative patients in both the SB5 and reference ADA groups. When efficacy was compared by C trough levels (≥1.274 lg/ml versus <1.274 lg/ ml), which is considered the optimal cutoff trough level of ADA for achievement of a good EULAR response at week 24 (25) , there was a clear trend in both treatment groups toward higher efficacy in patients with higher C trough levels (≥1.274 lg/ml) compared with patients with lower C trough levels (<1.274 lg/ml).
Patient age had no notable effect on the efficacy results, which is consistent with previous findings showing that the efficacy of DMARD therapy in elderly patients with RA was comparable with that in younger patients (26) . We also found no notable influence of patient age on treatment safety, although according to historical data on ADA, the frequencies of serious infections and malignancies have been found to be higher among ADA-treated patients ages ≥65 years compared with those ages <65 years (5) .
Several ADA biosimilars are currently in various stages of clinical development, with varying study designs (27) . The current study was conducted to demonstrate equivalence in terms of clinical efficacy in a representative study population. The study was designed to be sensitive enough to detect potential differences in efficacy between SB5 and the reference ADA in accordance with European Medicines Agency (EMA) guidelines (28, 29) . The study was not focused on demonstrating efficacy per se, because the efficacy of ADA in RA has already been well established. Among the approved therapeutic indications for ADA, RA has been the most thoroughly studied and validated, and reasonably sensitive methods to determine disease activity are available; therefore, examining the efficacy of SB5 in comparison with reference ADA in RA is an appropriate choice for demonstrating similarity in efficacy between the 2 products.
Based on the guidelines of the EMA (28) and the US Food and Drug Administration (24) , demonstration of the safety and efficacy of treatment for one indication can be extrapolated to other indications when biosimilar comparability has been determined by thorough physicochemical and structural analyses and by in vitro functional tests complemented with clinical data (efficacy and safety data or PK/pharmacodynamic data). SB5 and the reference ADA were demonstrated to be highly comparable in a comprehensive similarity exercise using analytic procedures and specific biologic assays. No significant differences with regard to PK have been observed across indications for the marketed ADA product. The similarity of PK characteristics between SB5 and the reference ADA was confirmed in the most sensitive population, healthy individuals (6) , and results of the present study provide additional supporting evidence of the PK profile of these agents in patients with moderate-to-severe RA. In terms of safety, the types and frequencies of AEs observed during preapproval studies of ADA were similar across indications.
Thus, the findings from this phase III multicenter, randomized, double-blind, parallel-group study showed equivalent efficacy between SB5 and the ADA reference product, as demonstrated by the ACR20 response rates at week 24 and other secondary efficacy end points at week 24. SB5 was well tolerated and possessed PK, safety, and immunogenicity profiles comparable to those of the reference ADA.
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